1 , (3)] react with copper(II) acetate monohydrate yield octahedral and square planar complexes, respectively. The complexes have been postulated due to elemental analyses, IR, UVVis. spectra, magnetic susceptibility, conductivity and ESR spectra. Molar conductance of the complexes in DMF indicates a non-ionic character. The ESR spectra of [(L)2Cu(H2O)2], (2) complex at room temperature and 77K are characteristic of an axial symmetry (dx2-y2) with covalent bond character and have a large line width typical of dipolar interactions. However, [(L 1 )Cu], (4) complex in the solid state showed spectra of marked broadening and loss of hyperfine splitting confirming spinexchange interactions between the copper(II) sites. The spectrum of the doped copper(II) complex at room temperature showed super-hyperfine splitting from coordinated nitrogen atoms and it has an axial type (dx2-y2) with covalent bond character and an essentially square-planar arrangement around the copper(II) ion. The spectrum of [(L 1 )Cu], (4) in frozen methanol at 77K was characteristic of the triplet state of a dimer species and the distance found between the two copper(II) centers was calculated and is equal to 4.8 Å.
INTRODUCTION
Recently, considerable attention has been given to oximes and their coordination compounds due to their biological activities as fungicides, 1,2 bactericides, 1-3 analgesic anti-inflammatory 4 antioxidant 1 antitumor 5-7 and insecticidal against Aphis craccivora. Also it displayed plant growth regulatory activities 8 and catalytic properties. 9 Oximes form complexes with metals as such or in the presence of another base e.g. pyridine, imidazole etc, to form mixed ligand complexes that are very similar to those found in nature. 10 The bioactivity indicated by oximes and their metal complexes was related to the coordination mode of the oxime site (N and O coordination modes) 11, 12 as well as to the bridging capacity of the coordinated oximato group to transition metal ions. 13, 14 Earlier studies concerning the transition metal complexes of vicinal oxime-imine ligands revealed that, the bridging oxy-Abdou S. El-Tabl, Mohamad M. E. Shakdofa, and Ahmed M. A. El-Seidy gen atom of the oximato group could serve as a binding site for developing super-molecular structures. 15 Series of Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes derived from the reaction of diacetyloxime and 1,2-diaminopropane have been synthesized and characterized. 16 N,N-ethylene-bis-(isonitroacetylacetoneimine) showed coordination through both oxygen and both nitrogen or one oxygen and one nitrogen towards Co(II), Ni(II) and Cu(II)). Some inter-conversion of the isomer was observed.
12 Also, Co(II), Ni(II) and Cu(II) complexes of benzidinediacetyloxime and m-phenylenediimine diacetylmonooxime have been prepared and characterized. 17, 18 ESR studies of paramagnetic transition metal ions yield a great deal of information about the magnetic properties of the unpaired electrons. 19 They may consequently lead to some understanding of the nature of bonding of the metal ion with its ligand. The most important d 9 system studied was copper(II). Such investigations had been reported by several authors on copper(II) complexes. 2, [16] [17] [18] [19] The main object of this paper is to prepare and characterize copper(II) complexes of vicinal oxime-imine Ligands and to study the ESR spectra at room and liquid nitrogen temperature to investigate the ESR and electronic absorption data in connection with the structures in order to identify the nature of the bonding in these complexes. This kind of investigation seems to be fundamentally important for the structural estimation of various metal complexes and the metal binding sites of various metalloenzymes.
20

EXPERIMENTAL
Materials
All the reagents employed for the preparation of the ligands and their complexes were of the best grade available and used without further purification. Ethoxy acetyloxime was synthesized according to the literature.
21
Physical measurements C, H and N contents were analyzed at the Microanalytical Laboratory, Faculty of Science, Cairo University, Egypt. The metal ion contents of the complexes were also determined by the previously reported methods.
22 IR spectra of the ligands and their metal complexes were measured using KBr discs with a Perkin Elmer 683 spectrophotometer (4000-200 cm 23 Diamagnetic corrections were made using Pascal's constant. 23 Magnetic moments were calculated using the equation: µ eff = 2.84
·T. ESR measurements at 77 and 300 K were made using a Varian E-109 X-band or Q-band spectrophotometers (Leicester University, England). DPPH was used as a standard material.
1
H NMR spectrum was obtained on Brucker Advance 400-DRX spectrometers. Chemical shifts (ppm) are reported relative to TMS. The purity of all compounds was confirmed by TLC. 24 The analytical, physical and spectral data are compatible with the suggested structures ( Fig. 1 ). Many attempts have been made to grow Single crystal but unfortunately it was failed.
Synthesis of the ligands
Mass spectra of the ligands
The mass spectra of the ligands revealed the molecular ion peaks observed at m/e 234 and 342 which is coincident with the formulae weights 234.25 and 342.35 for the ligands HL and H 2 L 1 , respectively and supports the identity of their structures.
Infrared spectra
The spectra of the ligands HL and H 2 L 1 showed a strong band at 1690 and 1685 cm -1 respectively due to the carbonyl group. [25] [26] [27] This observation indicates that, the carbonyl groups of the ligands and their copper(II) complexes are involved in neither hydrogen bonding in ligands nor in the coordination to the copper(II) ion in complexes. Whereas the medium band at 1590, 1625; and 1580, 1620 cm -1 may be assigned to ν(C=N) of the oxime and imine groups respectively. 17, 24 The two strong bands appeared at 1025 and 1008 cm -1
; 1022 and 1005 cm -1 were assigned to the oxime group ν(N-O) for the two ligands respectively. 26, 28 The IR spectrum of 1 showed broad band in the 3450-3300 cm -1 range, may be due to the intramolecular hydrogen bonding of OH of the oxime group with the imino nitrogen, however, 3 showed two (OH) bands in the 3500-3280 cm -1 and 3210-2560 cm -1 ranges, indicating the presence of two types of hydrogen bonded oxime groups which could be intra-and inter-molecular hydrogen bonded to the basic imino-nitrogen, thus, the higher frequency band is associated with a weaker hydrogen bonding compared with lower frequency band of the relatively stronger hydrogen bonding.
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By comparison the spectra of the complexes with that of the free ligand, the mode of bonding between the ligand and the metal ions can be established. The IR spectra of complexes 2 and 4 showed that the bands characteristic to the oximato n(C=N-O) and imine n(C=N) groups were shifted to lower frequency and it appeared at 1560, 1608 cm -1 in complex 2 and at 1555, 1605 cm -1 in complex 4. This observation indicates that, the ligands bonded to the metal ions via the oximato n(C=N-O) and imine n(C=N) groups. At the same time, the ν(N-O) band appears at 1165 for 4 and at 1160 for 2 cm
, characteristic of N-coordination of oximato group. 17 The appearance of new bands at 545, 485 and 560, 477 cm -1 for complexes 2 and 4 assigned to the ν(M-N) and ν(M←N) respectively.
17,26
The appearance of these bands was taken as confirmation of the bonding of the ligand with the metal ions occurred via the oximato and imine groups. The n(C=O) of complexes 2 and 4 appeared at 1665 and 1670 cm -1 respectively. This vibration is located in the region of noncoordinated carbonyl group attached to a five-membered chelate ring. 17 These assignments are consistent with those reported for the copper(II) complexes of dioximato ligands such as dimethylglycoxime 26, 29 and cyclohexanedionedioxime. 32 The IR spectrum of complex 2 showed a broad band in the 3450-3320 cm -1 range, assigned to n(OH) of coordinated water molecules 31 which is confirmed by the presence of bands at 3482 cm 2 Room temperature magnetic moments for 2 and 4 are 1.70 and 1.65 B.M., indicating that, the complexes were in octahedral or square planar geometry. H-NMR spectra of 1 and 3 in deuterated DMSO showed signals consistent with the proposed structure (Fig. 1) . Ethoxy group showed triplet and a distinct quartet signals in the region 3.2-3.8 ppm. The signals at 12.55 and 12.32 ppm correspond to OH of oximato group of ligands 1 and 3, respectively.
2 The resonance at 2.52 and 2.33 ppm are due to methyl group protons. 31, 35 The aromatic protons for 1 appears as multiples in the 6.42-7.1 range, however, the methylene group protons appeared at 4.3 ppm for 3.
31
Electron spin resonance studies of copper(II) complexes
The ESR spectra of the polycrystalline samples of the copper(II) complexes were recorded at room temperature and at 77 K. The experimental ESR parameters are presented in Tables 1 and 2 . Fig. 2 depicts the ESR spectra of 2 at room temperature and 77 K. These are characteristic of a compound having an axial symmetry type of ground state which is the most common for copper(II) complexes 30, 36 and has a large line width typical of dipolar interactions. The lack of hyperfine structure in the ESR spectra suggested that, intermolecular exchange interactions are operative, but these interactions are not strong enough to combat the dipolar interactions. 37 The shift to slightly lower g || at liquid nitrogen indicates stronger metal-ligand bonding consistent with a flattening of any tetrahedral distortion present in this compound at room temperature.
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The hexa-coordinate copper(II) complexes are usually arranged in a distorted octahedral environment about the metal ion with four ligands disposed in an approximate plane including the copper(II) ion with short bonds , and thus strongly bonded . The other two ligands are arranged on a straight line including the copper(II) ion and perpendicular to the plane, they are usually much more weakly bonded than those in the plane and play only minor role in both magnetic and optical properties of the copper(II) complex. According to the Jahn-Teller theorem, 30 all symmetrical hexa-coordinated complexes of copper are associated with a tetragonal distortion reducing the symmetry from O h to D 4h . 40, 41 This results in anisotropy of the g tensor. Such dynamic behavior may be expected only for systems like CuX 6 , where the central ion is bonded to six identical ligands. For this complex, where the coordinating ligands are not identical, only static distortion can occur. The value of g || is greater than g^. in the complex. This Indicates a tetragonal distortion, 37 corresponding to elongation along the four fold symmetry axis Z. This is 
G=(g||-2)/(g⊥-2)
. giso=(g|| +2g⊥)/3. Aiso=(A|| +2A⊥)/3. further confirmed from the Symons plot of Fig. 3 42 which indicates that, the complex falling close to the line can be considered to be distorted tetrahedral species rather than octahedral or square-planar. The orbital of the unpaired electron is still d x2-y2 because Jahn-Teller induced distortion generally favors d x2-y2 and d z2 configurations are rare. 43 Also, the values of g || /A || may be considered 44, 45 as diagnostic of the stereochemistry. It has been suggested that this quotient may be used as an empirical index of geometry. 44 The range reported for square-planar complexes are 105-135 cm and for tetrahedrally distorted complexes 150-250 cm. 44 The g || /A || values for the compound under consideration lie just in the range expected for tetrahedral distorted complexes. The g-values are related by the expression G=(g || -2)/(g ⊥ -2). 46 If G > 4.0, then the local tetragonal axes are aligned parallel or only slightly misaligned, If G<4.0, significant exchange coupling 30 is present. For this complex the G value is greater than 4.0, this value is in agreement with local tetragonal geometry. The isotropic value of the hyperfine coupling constant A iso is calculated as follows using Eq. (1)
Also g iso , is calculated by substituting in Eq. (2)
The isotropic value of the hyperfine coupling constant, A iso is related to the σ-bonding parameter 47 through the following Eq. (3) (3) where P is the free ion dipole term proportional to (r -3 ) and K is the Fermi contact term occurring in the equation for the magnetic parameters given by Gersmann and Swalen. 48 If α 2 =1, the bond would be completely ionic. And α 2 =0.5, the bond would be completely covalent. The calculated value of α 2 assuming P=0.036 cm -1 and K=0.43 47 was 0.64 and this value of α 2 suggests mixed ionic-covalent boning using the electronic transition energies from the absorption spectrum. Hence, the values of the other bonding parameters could be calculated. The complex (2) shows β 1 2 and β 2 equal to 0.88 and 0.65, indicating a moderate degree of covalency in the in-plane π-bonding and covalent character of the out-of-plane π bonding. 49 Kivelson and Neiman 50 have reported that the g || value in a copper(II) complex can be used as a measure of the covalent character of the metal-ligand bond. If this value is more than 2.3 the environment is essentially ionic and values less than this limit are indicative of a covalent environment. The g || value for the present complex showed considerable mixed ionic-covalent bonding character.
The ESR spectrum of a frozen solution at 77 K of complex 2 in methanol in the form of small beads was obtained as shown in Fig. 4 . The g and A components showed axial type symmetry with d x2-y2 ground state.
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The hyperfine coupling constants and g values are given in Table 1 . In the present case, where the copper is coordinated to four nitrogen atoms as shown in Fig. 1 , line broadening was detected but no nitrogen super-hyperfine splitting was observed. It is considered that, the prominent broadening stems from the interaction of the unpaired electron spin with the nuclear magnetic moment of the 14 N nuclei. This is further confirmed from the Peisach plot (Fig. 5) . 51 The spectral values for the copper(II) ion of the complex lie just inside the region describing four nitrogen ligands per metal. The room temperature spectrum in chloroform shows the four copper hyperfine lines having an A iso =65 G with its center at g iso =2.09. The superhyperfine splitting of nitrogen ( 14 N) nuclei were observed in the narrow (-3/2) line which is not resolved at lower temperature. This indi- cates the presence of four almost equivalent nitrogen nuclei (A iso =9 G). Fig. 6 showed the spectrum of 2 in chloroform at room temperature.
It is possible to calculate approximate orbital populations for s, p or d orbital using the following equations When the data are analyzed, the components of the 63 Cu hyperfine coupling were considered with all the sign combinations. The only physically meaningful results are found when A || and A ⊥ were negative and the parallel component of the dipolar coupling 2B is negative. These results can only occur for an orbital involving the d x2-y2 atomic orbital on copper. The value for 2B is quite normal for copper(Il) complexes. 48 The |A iso | value was relatively small. The 2B value divided by 2B o (The calculated dipolar coupling for unit occupancy of d x2-y2 (-235.11 G), using equation (6) suggests all orbital population close to the orbital of the unpaired electron in d x2-y2 , 43 Tables 1,2 . ESR spectra of a polycrystalline sample of complex 4 were recorded at both room and liquid nitrogen temperature as shown in Fig. 7A,B . These spectra showed marked broadening and loss of hyperfine splitting, suggesting spin-exchange interactions between the copper sites.
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The shift of the signal in the low field region to a slightly lower value at 77 K indicates stronger metal-ligand bonding consistent with a flattening of any tetrahedral distortion present in this complex at room temperature. The Qband spectrum showed a weak signal in the low field region as shown in Fig. 7C .
In order to avoid spin-exchange, a doped sample was obtained by crystallization of complex 4 in chloroform solution containing the Ni(II) analogue in concentration (1:50) so that the individual paramagnets are well separated. The X-band powder spectrum of the doped copper(II) complex 4 obtained at room temperature was shown in Fig. 8 showing super-hyperfine splitting from four coordinated nitrogen atoms. The spectrum at 77 K is almost identical. This indicated that there is no significant change in the planarity of the complex at both temperatures. The Q-band spectrum gives identical parameters which provided good reconstructions for both spectra. It showed an axial symmetry type with two g values, which indicates a predominantly d x2-y2 ground state and an essentially squareplanar arrangement around the copper(II) ion. [55] [56] [57] It is known that, for four-coordinated copper(II) complexes, the distortion from square-planar towards tetrahedral geometry causes g || to increase and A || to decrease and that the g || /A || ratio is a reliable index of the degree of distortion. The ratio from ca. 105-135 cm is the limit of the square planar geometry, but is increased markedly when tetrahedral distortion takes place. 44 It is observed that, there is no change in g and A values at room and liquid nitrogen temperature and the value of g || /A || is 107.2 which lies in the range for square planar geometry. 58 The values are listed in Table 2 . As the nuclear spins of
63
Cu and
65
Cu isotopes are 3/2, the ESR spectrum showed a hyperfine splitting of four features. For this complex, the copper(II) ion is ligated to four almost equivalent nitrogen nuclei having a nuclear spin of unity. Super-hyperfine splitting of various features should be observed from the magnetic interaction of the unpaired electron spin with the nuclear magnetic moment or nitrogen atoms. In this case, the complex showed a very well resolved spectrum which indicates monomeric species. The parallel component of the hyperfine splitting, of the copper appears well resolved with a relatively high A || (Cu) Table 2 . This splitting is not observed in the perpendicular component because the A ⊥ (Cu) must be very low 59 The four coordinated nitrogen atoms of the copper(II) complex are almost equivalent and showed their maximum coupling along one or other of x, y direction, and their minimum coupling along the parallel direction. The estimated σ-spin density on each of the four nitrogen atoms is then 2.16% 2s. 43 The 2B value of -230 G as shown in Table 2 51 This complex showed G < 4 as shown in Table 2 . This value indicates a spin-exchange interaction is still happening. 51 The ESR spectrum of this complex in chloroform at room temperature Fig. 9 showed the four copper hyperfine lines having an A iso =80 G with its center at g iso =2.077. This isotropic value fits the equation: (3g iso =2g ⊥ +g || ). The super-hyperfine splitting of ( 
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The ESR spectrum of 4 in frozen methanol at 77 K was also recorded (Fig. 10) . The spectrum showed that, two species are formed. The monomer species is identical to that of the doped copper(II) complex in the powder form at room temperature. However, a complex spectrum having seven lines in the low and high field regions with some lines in the centre field region were also observed. This is characteristic of the triplet-stat for a dimmer species. One possible structure of the dimeric complex is shown in Fig.  11 . The ESR spectrum showed the following parameters g || (2.17), g ⊥ (2.04) and A || (95 G). The spectrum showed g || >g ⊥ >2.0, this indicates that, the two unpaired electrons are in d x2-y2 orbital on copper.
The zero field splitting parameter (D) for the parallel components of the dimmer complex was estimated from the spectrum, and is equal to 435 G. The distance between two copper centers was calculated using the following equation. For a bi-radical system in the triplet-state, it is found that D for the paralleled components is equal to 402G and the distance between the two radicals is equal to 5.2 A. From these data, the distance between the two copper(II) centers was calculated and is equal to 4.87 Å. This value is close to that for a dimeric copper(II) compound in the triplet state. 62 However, the absence of any clear splitting of the two perpendicular features and the fact that this splitting is close to half that of the parallel lines seems to suggest that the g, hyperfine, and zero-field splitting axes .are very close to each other. This should not be the case for structure (a) since the two copper ions are considerably displaced off their Z axes as indicated. Thus, there must be some doubt about the structure of the species responsible for the spectrum in Fig. 10 .
CONCLUSIONS
Copper(II) complexes of ethoxy acetyloxime have been prepared and spectrally characterized. The conductivity data indicate that, the complexes are non-electrolyte. The ESR spectra of solid or liquid state at room temperature or 77 K indicates a d x2-y2 ground state with mixed ionic-covalent bond. 
